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SUMMARY 


MeteorologlcaJ. requirements and problems anticipated with the oper- 
ation of cramercial turbojet aircraft have been analyzed and evaluated. 
Discussions concerning problems of temperatvire, wind, pressure, celling, 
visibility, cloiid and clear-air turbulence, icing, and conmunicatlon are 
included in this study. 

Consideration has been given to those characteristics of turbojet 
aircraft which have a direct bearing upon the nature of the weather 
service required for safe, efficient, and economical operation. These 
characteristics are high cruising speed, high cruise level, relatively 
high fuel consumption, and engine performance sensitive to temperature 
and air density. 

No new requirements or problans are expected even though operating 
altitijdes and speeds are Increased and forecast error limitations are 
more critical, especially in the airport terminal area, for the turbojet 
as ccaupared with piston-engine aircraft. The recommended solutions for 
the meteorological problems Involve adequate instrumentation, improved 
communications facilities, reliable teclmlques for analysis and fore- 
casting, and the successful application of research results. 


INTRODUCTION 


The advent of conmercial turbojet-aircraft operation in this country 
necessitates evaluating the meteorological problems anticipated and estab 
llshlng procedures, if necessary, to cope with these problems. Therefore 
the Subcommittee on Meteorological Problms of the National Advisory 
Ccmmittee for Aeronautics formed a working group, the activities of which 
were based on the following objectives: 
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(a) To collect available Information, both foreign and dcmestic, 
concerning meteorological requirements for tiirbojet-alrcraft operations 

(b) To analyze and evaluate the information in terms of meteorolog- 
ical problems 

(c) To specify the more important problems and determine their 
priority 

(d) To recommend, through the parent committee, needed changes in 
current procedures and meteorological services or additional research 
which would solve or alleviate these problems 

The membership of the working group was composed of personnel who 
were either appointed by the chairman of the subcommittee or appointed 
by members of the subcommittee to serve for their organizations. (See 
appendix A . ) 

At the outset, the members decided that the comparable problems of 
turboprop -aircraft operations wovild not be considered separately since 
the meteorological problems pertaining to this type wo\zld lie somewhere 
between those of the conventional and those of the turbojet aircraft. 

In addition, it was agreed that the problems would be considered from 
the viewpoint that jet transports will not be given preferred treatment 
in traffic patterns*, holding situations, and diversion to alternate 
terminals . 

In the sections which follow, the overall meteorological problems 
eintlcipated for turbojet-aircraft operations are presented. Reconmen- 
dations to improve or extend existing service are suggested and Justi- 
fied on the basis of safety, efficiency, econcany, and pi(^cticability . 
Particiilar meteorological and relevant operations problems are discussed 
in detail and some practical solutions are included. Considerations of 
these problems through research and development are also given. Detailed 
comments on certain aspects of forecasting for Jet-aircraft operation, 
a discussion of special ceiling and visibility problems, and an outline 
of facilities for an idealized station are presented as appendixes. 

A bibliography of reports pertinent to aircraft operating problems 
is also included. 


STATEMENT OF (ENERAL PROBLEM 


The turbojet transport has foinr important characteristics which 
create operating problems that are considerably different from those of 
conventional piston-engine aircraft and therefore have a direct bearing 
upon the nature of the weather service which will be required to operate 
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this aircraft safely, efficiently, and economically. These character- 
istics, which may restilt In new requirements for meteorological services 
heyond those currently required for piston-engine aircraft, are: 

(1) Cruising speed in excess of 450 knots 

(2) Optimum cruising level above 30,000 feet 

( 3 ) Relatively high fuel consumiption, especially below 

optimvim cruising altitude 

( 4 ) Engine performance partlcialarly sensitive to ten^erature 

and air density 

The higher cruising speed of the turbojet greatly magnifies the 
effect of cloud and clear-air tiorbulence. In relation both to the stresses 
Itt^osed iQJon the airframe and to the personal discanfort of the occupants. 
Airborne radar should make it possible to minimize most turbulent areas 
associated with well-developed cumuloform clouds. Bcjwever, clear-alr 
turbulence remains a problem and requires the development of more adequate 
methods of observing and forecasting. 

At the hi^er cruising levels of these aircraft, data are relatively 
sparse, meteorological ej^erience is limited, and forecasts are less 
adequate than at c\arrent transpoirt-aircraft cruising levels. These alti- 
tudes are near the level of the maximum jet-stream flow in the middle 
latitudes, and winds in excess of 200 knots will not be \mcommon in the 
jet-stream cores which may extend for several hundred miles along any 
given route. Despite its high cruising speed, the turbojet will there- 
fore be subject to occasional marked deviations from schedule, but this 
problem will gradua.Il.ly be minimized as cruising speeds are Increased. 

The relatively high fuel consimption and high fuel-to -payload ratio 
of the turbojet demand more accurate route and terminal forecasts. Mark- 
edly Increased fuel consumption at levels below optimum cruising altitude 
leaves very little flexibility in choice of cruising level. Because of 
the excessive amount of fuel required to divert to an alternate terminal 
after landing is attempted at destination, more accurate and representa- 
tive observations and forecasts of terminal conditions are needed. 

The thrust produced by a turbojet engine is a fimctlon of the mass 
air flow through the engine and therefore thrust decreases as air density 
decreases or, at constant pressure altitude, as tenperature increases. 

This Loss of thrust at higher than standard temperatures adversely affects 
take-off and may necessitate a reduction in payload if take-off weight is 
limited by Inadequate manway length. Forecasts of temperature at the 
avirface will therefore be required for operational planning purposes. 
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DISCUSSION OF PARTTHTlTATi FROBT-TiMR 


SURFACE TEMPERATURE, PRESSURE, AND HUMCDITY 
Statanent of Problem 


Temperature and pressure at engine intake level and air density at 
wing level are vital in determining engine performance (thrust or power) 
and. aerodynamic lift, respectively. In conjunction with the surface 
wind, these parameters control maximum allowable take-off weight and 
required runway length. In the case of the DeHavlliand Comet I aircraft, 
for example, a change of 10° F near sea level under certain critical 
conditions is the equivalent of approximately 2,000 pounds in maximum 
allowable take-off weight or nearly kOO feet in rxmway roll. 

With regard to secvirlng measurements of these parameters, the deter- 
mination of temperature data which are representative of the runway site 
poses the only serious problem. At times, in some locations, runway 
temperatures at intake level have been as much as 10° to 15° F higher 
than the temperatTJre measured at the standard meteorological shelter, 
but the difference will generally fluctuate. Since the turbojet engine 
is so sensitive to temperature at take-off, the measurment of temper- 
ature representative of runway conditions is essential. The critical 
conditions referred to include such things as short lamways, high surface 
temperatures, low air density, and adverse surface-wind conditions. 

With regard to the other parameters, pressure and vapor pressure may 
be considered general 1 y hcsnogeneous in a given horizontal plane for an 
area the size of an airport. Therefore, the measurements of these param- 
eters in the standard meteorological maimer may be considered represent- 
ative. However, humidity appears to have no significant effect on the 
take-off perfomnance of turbojet aircraft. 


Discussion 

In the past, temperature measurements representative of runwEiy con- 
ditions were not a vital concern because the performance of conventional- 
type aircraft is not particularly affected by relatively small temperature 
differences. With the advent of jet aircraft, however, the Armed Services, 
who operate most of the Jet aircraft in the Uhi ted States, found that under 
certain critical, conditions they specifically needed runway temperatures 
in order to use performance charts and to evaluate maximum allowable take- 
off weight. Studies of temperature differential between the meteorological 
shelter and the engine Intake level over the runway have shown that some 
observations made in shelters located for synoptic representativeness or 
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for convenient access are extremely poor for indicating the temperature 
over the take-off zone. 


Conclusions 

There are no methods currently in use which provide precisely the 
thennal data required for efficient take-off of civilian Jet aircraft. 
The solution of this problem therefore appears to lie in the development 
of suitable techniques and instruments for measuring the temperatiare 
which is representative of engine intake level over the runway. 


Proposals 

In considering the following proposals, it should be reEillzed that 
the data secured specifically for application to Jet aviation may not 
fulfill the requirements of other fields, for example, synoptic meteorol- 
ogy. This may necessitate measurement with appropriate techniques under 
different conditions of environment. Also, it should be assumed that, 
wherever necessary, telecommunication systems will be used. 

(1) A survey of location and eacposure of the instrument shelters 
at airports where Jet aircraft will operate should be made to ascertain 
the degree of representativeness which each yields in regard to thermal 
conditions over the inmw^. Those shelters which are observed to give 
relatively large or significant discrepancies should be relocated to a 
site which permits the obtainment of better readings for this purpose. 

( 2 ) A study should be made to determine a practical method of meas- 
uring temperature, possibly away from the airstrip Itself for reasons of 
safety, so that the resxxlting observations closely represent the thermal 
conditions at the engine Intake level over the runway. The developnent 
of sTich a method should be made contingent upon the results of the study. 

( 3 ) A study should be made to determine the practicability of devising 
a method for obtaining the integral mean tranperature along a path at the 
engine intake level over the runway itself. An example of such a method 
Involves the determination of the velocity of sound, taking wind velocity 
and humidity into account if necessary. P^om the velocity of sound, the 
average temperature along the path is calciilated. 

(4) In cases where a satisfactory solution is not achieved under the 
foregoing proposals, a system of corrections determined empirically as 

a function of concurrent local conditions should be applied to the readings 
observed in the Instmaaent shelter (located as in (l) above) in order to 
approximate the values required for aircraft operations. 
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SURFACE WIND 
Statement of Problem 


The surface vind at aircraft level Is important as a controlling 
factor in the determination of maximum, allowable take-off weight and 
length of runway reguired for Jet aircraft to become safely airborne. 

Like temperature, wind at many air terminals is measured at a loca- 
tion which is not sufficiently representative of the wind over the run- 
way. At one airport, a limited test made when the tower winds were 
around 20 knots showed tower winds to be 25 percent to 50 percent stronger 
than the corresponding winds on the runway. At another base, under light 
wind conditions, the direction of the wind at the tower level sometimes 
differed from that over the runway at aircraft level by as much as 180^. 
These two cases indicate that the measurement of wind under present 
exposures does not necessarily yield values which are indicative of the 
winds actually encoimtered on the nonway. 

Further, there is a need for determining more about the type of 
surface-wind data that will be required for Jet operations. The prob- 
lems to scHne degree stem from the variations of the surfsice wind, both 
in time and space. 


Discussion 

Because of the current economic aspects of turbojet-aircraft oper- 
ations and the overall performance of these alrcrsLft, the surface wind 
has become more critical than it has been for the operation of conven- 
tional aircraft. Thus, for Jet-aircraft operations it will be necessary 
to observe and forecast the wind at the place of take-off to a more 
accurate degree than was previously necessary. The wind measured at the 
tower can no longer be accepted as being representative of the wind that 
the Jet aircraft will encounter at take-off. 

IMder a given situation of runway length, orientation, temperature, 
and so forth, the expected take-off headwind conditions play a significant 
role in the calculation from operational performance charts of the total 
allowable take-off weight. In view of the high rate of fuel consumption 

of turbojet engines, which may be from 2 to 5^ times as much aa that for 

reciprocating engines, the total fuel load at take-off can approach 
50 percent of the total weight. This means that, in order for the air- 
craft to become airborne with the greatest possible payload, the effective 
take-off winds should be accurately forecast. With runway length restricted 
and surface temperature constant, an accurate forecast of a 10-lmot 
increase in surface headwinds may mean several tons more payload (see 
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appendix B) . The prime requisite for attainment of this wind forecasting 
goal is accijrate wind observations at the area of take-off, and the second 
need is for adequate techniques for such wind forecasting. 

With reference to the problem of obtaining the necessary wind obser- 
vations, it is necessary to consider appropriate instrumentation to deter- 
mine the effective wind velocity and gustiness in terms of ccmponents 
relative to the pertinent runway. This involves questions of equipment 
having locations, heights, asod eatposures relative to the runway, ground, 
and obstacles such as to yield results most representative of the effec- 
tive wind conditions at the take-off area. Among the factors that should 
be considered are (a) the appropriate length of time over which the wind 
measurements should be averaged for obtaining components, (b) the chetr- 
acterlstics of gusts and sTiltable methods for describing these character- 
istics, (c) the procedures, terminology, and codes adopted for reporting 
the wind phenomena, (d) the consideration of lapse rate and other turbu- 
lence parameters, and (e) the techniques of analysis of the data best 
designed to assist the pilot, the control-tower operator, and the fore- 
cast meteorologist in carrying out their respective functions. 

With regard to the solution of the problem of wind forecasting that 
will satisfy the needs of jet-aircraft operations, the procedures, require 
ments, and tolerances will probably depend on the time, range, and appli- 
cation of the forecast, for example, 12-hour operational planning forecaat 
1-hour short-term fli^t-calculation forecast, and final verification, 
just prior to take-off. (See appendixes B and C.) This may necessitate 
further consideration of frontal accelerations and intensifications, the 
coupling of svtrface winds with those at gradient and upper levels, effects 
of various cloud types on vertical transport of momentum, lapse rates, 
wind shear, and terrain effects. 


Conclusions 

The surface-wind data as currently obtained for aviation interests 
leave much to be desired for the efficient operation of civilian jet 
aircraft. The shortccmlngs lie both in the lack of representativeness 
of the surface-wind observations for runway conditions and in the lack 
of knowledge as to what form the wind data should take to be of the most 
use to jet-aircraft-operations personnel. The solution of this problem 
seems to demand a study of the requirements of surface-wind data necessary 
for jet flight. Based on the findings of such a study, development of 
a workable program will require appropriate instruments properly estposed 
for obtaining representative wind data, adequate procedures for the han- 
dling and rapid dissemination of such data, and effective techniques of 
forecasting to fulfill these needs. 
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Proposals 

(l) At airports where jet aircraft will operate, a survey should 
be made of existing locations and exposures of wind measuring Instruments 
to determine how representative the wind data are of the runway condi- 
tions. Those locations which are found to give significantly different 
values from the required ones should be relocated to a site where obser- 
vations more nearly satisfactory for this purpose may be obtained. 
Reevaluation of the quality of the site may be necesseiry from time to 
time. 


(2) A study should be made to determine what the actual requiranents 
of Jet-aircraft operations are with regard to effective surface wind over 
the runway. Dependent upon the findings of such a study, practical 
methods should be investigated and developed for obtaining and processing 
wind measuronents so that these requirements will be satisfied. Safety 
consideratioiis will probably dictate that measTirements be made at scane 
distance from the runway. 

(3) An investigation should be made to determine the practicability 
of devising different methods of measuring the effective surface wind 

over the runway itself. (See proposal (5) of the section entitled "Surface 
Temperature, Pressixre, and Humidity.") 

( 4 ) In cases where no satisfactory solution is achieved under the 
preceding proposals, an effort sho\ild be made to develop a system of 
empirically determined corrections which when applied to the wind obser- 
vations would yield a closer approximation to the values required for 
turbojet-aircraft operations. 


CEILING AND VISIBILITY i c/^ 
Statement of Problem 


Ceiling and visibility conditions have vital influences on the 
economy, efficiency, and safety of all aircraft flight operations. Fbr 
turbojet aircraft, fuel consumption is considerably higher at low alti- 
tudes than at normal cruising altitudes; therefore, a descent from 
cruising level toward a terminal, followed by a missed approach, uses 
up so much fuel that the range possible to an alternate airport suffers 
a marked decrease compared with the maximum range possible if diversion 
had been begun at the cruising level. This range loss becomes greater 
if low-level holding is involved. 

When cloud and visibility conditions are restrictive, representative 
data regarding ceiling and visibility are essential for making optimum 
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selections for lateral separations of aircraft, take-off times, safe 
traffic density, acceptance rates at terminals, landing times, and so 
forth. Provision of ceiling and visibility observations, without reliable 
forecasts, is not sufficient. Reference 1 states that, for Jet operations, 
the aim. is to provide a service of such a standard that descent is never 
started toward a terminal the conditions at which subsequently deteriorate 
to such an extent as to preclude a landing. 


Discussion 

The problems pertaining to ceiling and visibility are the same in 
kind for jet aircraft as for piston-engine aircraft, but the requirements 
based on economic considerations are more severe for the former. Most 
important are the requirements concerning reliability of forecasts and 
currency of advices transmitted to the pilot, especially minimization 
of delay between times of receipt and Issuance. 

Appendix C presents a more or less technical discussion of some of 
the major aspects of the ceiling and visibility problems involved in 
meeting the more severe requirements of turbojet aircraft. 

It is apparent that difficulties must be faced in providing the 
necessary services for localities where there is a relatively frequent 
occuzrence of extreme variability in regard to weather conditions affecting 
the approach and terminal areas. Representative observations are required 
at suitable intervals from a distribution of stations designed to fulfill 
the various forecasting requirements in regard to the type of data trans- 
mitted, locality, range, and time. Reliable forecasts of terminal and 
alternate-airport conditions are needed in advance of scheduled departures 
for planning and clearance purposes. 

After the aircraft is airborne, there is a need to supply its ccm- 
mander with additional weather information regarding conditions at terminal 
or alternate airports or both. Three important times when such reports 
will be opportme are as follows: 

(1) At the time just before the point of no return 

(critical point) is reached 

( 2 ) At the time just before a descent will normally 

be begun 

( 3 ) At the time during an approach just before the 

critical altltxide is reached 

Reliable commimication facilities to permit direct contacts between 
ground advisors and pilots are absolutely essential in supplying the 
information needed. 
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The forecast elements most needed for successful approach and 1aniCi.lng 
operations eire the slant vi8\aal ranges pertaining to the approach zone 
and the runway visual range . It is considered that slant visual range 
from the glide path is e^qiressed in terms of the meiximum altitude helov 
which the approach may he continued with visual contact with the groiind. 

The targets observed by the pilot for this purpose may be as diverse as 
recognizable arrays of buildings, roads, fields, approach lights, thresh- 
old lights, r\inways, and runway lights. No sin^e slant -range value 
applies to all. The problem is how to determine the most representative 
value. 

Various schemes have been contemplated to this end. One proposal, 
based on tests at MacArthur Airport, New York, is to use a combination 
of Instruments, inclxxdlng a rotating-beam ceilometer Installed near the 
middle marker, a transmlssometer installed near the end of the runway, 
and certain photometric equipnent which will indicate the illumination 
incident on the gromd and the brightness of the background against which 
the pilot sees the runway. It is considered that the indications from 
the Instruments, after suitable processing, may be referred to certain 
charts expressing the desired results as a ccnrelatlon on a probability 
basis, for visual slant range luader given weather categories, such as 
conditions of low clouds, radiation fog, and snow. Kjwever, this pro- 
posal has important limitations, in part because the instruments do not 
really yield measures of the optical conditions in the free air well 
above the area sampled by them and in part because the assumptions under- 
lying the correlations are not always fulfilled. 

Serious problems confront meteorological services in regard to the 
measurement of actual sleint visual range under Instrument conditions. 

Thus, if the lower atmosphere involved is not horizontally homogeneous 
or if a steady state does not exist, no reasonably simple slant-range 
relationship or measuring system will apply. A slant -range measuring 
system is currently in process of development by the Naval Research 
Laboratory using photomultiplier tubes and searchlight projectors. How- 
ever, Middleton (see ref. 2) has made calculations which indicate that 
presently available photomultiplier t\ibes will probably not yield percep- 
tible signals for the purpose when dense fog prevails . Hence, until 
such tubes are made vastly more sensitive or until the intensity of 
available searchlight projectors is greatly increased, there will be 
limitations on the vise of the system. 

When marked heterogeneity or an imsteady state exists in the atmos- 
phere from an optical standpoint, there exist variabilities in slant 
visual ranges and In runway visu^ ranges which should be tedcen into 
account. This may be done by expressing results in terms of probabilities. 

The concept underlying this may be gained from an example referring 
to a given weather situation in which the 95~percent probability value 
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for "bhe tiireshold contact height Is 250 feet. That is, for approaches 
made under the given conditions the pilots are likely to estahlish visual 
contact with the runway threshold at or above 25O feet in 95 out of 100 
approaches. In the remaining 5 # the contact is likely to be established 
below 250 feet. 


Conclusions 

(1) Continued laboratory research anfl development, in conjunction 
with field tests, are necessary to determine the most suitable and best 
methods of observing, recording, calculating, assessing, and reporting 
(a) the ceiling, (b) the varioxis slant visual ranges from, aircraft per- 
tinent to achieving maximum approach success at runways under different 
conditions, and (c) the horizontal runway visual range under a diversity 
of situations . 

( 2 ) Ihe complex problems of forecasting celling and visibility are 
so related to the considerations underlying the observation of the perti- 
nent elements that it seems desirable to have special research activities 
looking to developaents in these fields of forecasting. 

(5) Variabilities in respect to various aspects of clouds, precip- 
itation particles, suspensolds, and li^t conditions are always present 
to affect the ability of pilots to perform visual tasks during an approach. 
Hiese variabilities in^KDse limitations on predictability of how far 
objects or lights may be detected or recognized imder critical conditions. 
For this reason, the expression of relevant forecasts on a probability 
basis is Justified. 


Proposals 

The following proposals are submitted: 

(1) A project should be established for research and development 
relating to the methods of measuring, observing, recording, assessing, 
and evalxzating all significant .parameters governing ceiling and visibility 
(including slant vistial range) pertinent to approach and landing success. 

(2) The development of basic horizontal- and slant-visibility theories 
pertinent to nonhcmogeneous conditions as regards transmission of light 
and Itmilnances of underlying surface foreground and background, with back- 
ground at finite distances, should be encouraged; the theories should be 
tested in laboratory and field. 
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(5) A laboratory Simula ted-fliglit project should be Initiated to 
measure the psychophysical parameters, such as background luminance and 
glare soiirces, and related physical factors, such as rain on -windshields, 
which affect the -vision of pilotsj results should be tested by limited 
actual flights. 


UPPER LEVEL TEMPERATURES 
Statment of Problem 


Temperature anomalies affected -the range of the Comet I and other 
earlier design turbojet aircraft a small but significant amount. With 
later design turbojet aircraft, however, the effect of tenperature on 
range is negligible. 

The measTirement of upper level temperatures to -within at least 11° C 
is nevertheless required for a purpose which is connected wl-th flight 
operations but in a less obvlovis manner. This pxirpose is to determine as 
accTirately as possible the heights of pressure surfaces from which the 
speed and direction of upper -winds can be deduced. 


Discussion 

For current U. S. Air Force ttjrbojet aircraft an Increase in temper- 
ature requires an increase in po-wer setting to main-tain optimum cruise 
conditions. This Increeise in power setting ob-vlously results in an 
increased rate of fuel consumption. The corresponding increase in true 
airspeed, however, is such that range is practically unaffected. Newer 
Jet airliners will, no doubt, have -the same characteristics j that is, 
range will not be affected provided optimum cruise procediu*es are followed. 
Earlier, less po-werful tijrbojet aircraft such as the Comet I, for example, 
were unable to cruise at an optimum Mach number when the temperat\ire was 
hi^er -than s-tandard. The change to a lower than optimum Mach number 
lowered the best operating altitude, the change in altitude being about 
200 feet per 1° C. With the newer, more powerful Jet aircraft, positive 
temperature anomalies do not lower the optimum altitude, since an optimum 
Mach number can always be maln-bained by increasing -the power setting. 

Accurate tempera-ture measurements are required to deduce the speed 
and direction of upper winds over areas where they are not measured 
directly. An error of 1° C in measuring the mean temperature up -bo 
40,000 feet will result in an error of roughly 20 knots in detemnining 
the mean wind speed between -two radiosonde stations spaced scane 300 miles 
apart. 
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ConcluBions 

(1) Upper level ten^ieratizrea affect the optimum fli^t operations 
of turbojet aircraft. If cruise control is maintained, however, range 
is practically unaffected. 'The problem is therefore not a serious one 
to the meteorologist. 

( 2 ) The measurement of upper level ten^eratures to within ±1° C Is 
necessary to deduce the speed and direction of upper winds by using 
constant-pressure charts. 


Proposals 

No specific proposals are deemed necessary for the observation of 
upper air temperature, as such, for turbojet-aircraft operation. How- 
ever, the improvement in accuracy of measurements of upper air ten 5 )er- 
atxjres is desirable, since the information is vised for deriving the 
speed and direction of upper air winds. 


UPPER LEVEL WIND 
Statement of Problem 


The advent of turbojet aviation has brought with it demands for 
more complete and accurate knowledge of the wind fields in the upper 
troposphere and lower stratosphere. This is the region of optimum flight 
altitude for the current transport models of jet aircraft and is in the 
general vicinity of the midlatitude tropopause where the winds are char- 
acteristically strong. If flints of Jet transports are to be planned 
and carried out safely and efficiently, reliable forecasts of the winds 
at these levels are Imperative. This is especially true when strong- Jet- 
stream. conditions are involved. 

The present observational system, however, is not adequate for 
observing and measuring these strong wind fields aloft, and present 
knowledge of the details of the air flow at these upper levels is still 
relatively poor. Therefore, weather forecasters are generally vinable 
to produce, for turbojet operations, a ccmpletely satisfactory picture 
of the upper level wind field, especially in details such as the inten- 
sity and location of the maxliTn.mi winds of strong jet streams. 
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DiBCUSsion 

Because of the high fuel consu3J5>tion of the turbojet engine and the 
relatively high fuel-to -payload ratio, it will be necessary to plan the 
flights more efficiently than has been done previdusly. Since cruise- 
level winds are a significant factor in flight planning, reliable fore- 
casts will therefore play an important role in the efficient operation 
of Jet transport aircraft. 

Wind data available at the cruise level are relatively scarce, 
however, and, in some areas, observations are almost nonexistent. Even 
in areas where data are good by congjarison, their reliability imder^the 
critically strong Jet-stream conditions is questionable a nd maxlmums 
and mi nimimis of wind speed can occur between the present observing sta- 
tions and thus go unnoticed. Even thou^ both the Ublted States and 
United Kingdom are in the process of procuring or developing more ade- ' 
quate wind-finding equipment and recent improvements in rawlnsondes have 
essentially Increased the upper -air-network density, the qtiantity and 
quality of the wind data currently available to the forecaster under 
strong wind conditions still leave much to be desired. 

In addition to the shortcomings of the observed wind data, the data 
computed from contour spaclngs on constant-pressure charts for these 
upper levels are also unreliable because of faulty heights computed by 
means of the hypsometric formula from erroneous'raSio^bnde temperature 
data. This is due partly to differences between Weather Bureau, Air 
Force, and Navy instruments and partly to instrumental errors in meas- 
uring upper level temperatures, as described prevloiisly. Errors in 
velocity of - 25 knots or more due to such caiises are quite common. 

A further problem that is involved in meeting the upper wind and 
temperatiire forecast requirements of Jet transports is based on the 
rigid cruise climb path flown by these aircraft. Because the cruise 
consists of a continuous climb as the fuel load diminishes, no one 
constant -pressure chart can be used to determine the meteorological 
parameters required for obtaining optimum flight altitude. In or/ier to 
evaluate the wind and temperature along a climbing flight path, a three- 
dimensional representation of Isotherms and isotachs may be necessary. 
This will require more detailed upper level wind profiles and faster 
methods for computation and transmission of the upper level winds. 


Conclusions 

The currently obtained winds -aloft data are inadequate for the 
efficient and economical operation of civilian Jet transports. The solu- 
tion of this problem seems to depend on; 
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(1) Development of suitable methods and instruments for properly 
sampling the three-dimensional wind field at these upper levels 

( 2 ) Adequate procedures for the handling and rapid dissemination 
of such data 

( 3 ) Development of techniques of analysis so that the Important 
features may be accurately determined from the data 

(^) Appropriate methods of upper wind forecasting to meet the needs 
of jet aviation 


Proposals 

( 1 ) Developments now in progress by the Signal Corps to modify the 
ground meteorological direction-finding type of equipment (®!D-l) by 
adding a ranging capability should be given top priority. Interim meas- 
ures to improve the reliability of elevation-angle measurements^ so 
critical in the present system in which slant range is not measured, 
shoTild also be pursued. When this is done, it is recommended that the 
best equipment be made available to all forecasting services. Partic- 
ular attention should be given to making the instruments used by the 
Weather Bureau, Air Force, and Navy the same, or at least equal and 
conpatible. A more adequate upper air network would be desirable, espe- 
cially over the oceeins. In addition, autcxnatlc computation of wind 
speeds and directions by sxiitable instrumentation would be highly advan- 
tageous, in that human errors would be negligible and the time of trans- 
mission would be accelerated. 

( 2 ) Projects like those of the Navy and Air Force, using well- 
instrumented jet aircraft to investigate the details of the jet stream, 
should be encouraged. The results of such studies will Indicate the 
import^t but small-scale featxares of the jet stream which can pass unno 
tlced between two regular stations of the current observational network. 
It may be necessary to include such details in upper-air analysis by way 
of aircraft observations or merely by implication once the details are 
understood. 

( 3 ) A more adequate winds -aloft code should be developed so that 
essentially complete profiles can be reprodiiced and inqioirfcant features, 
siich as shear, will not be lost in standard-level intervals that are 
too gross. Since analysis and, forecasts are made on the basis of pres- 
sxire, significant levels should be reported using pressure altitude 
rather than absolute altitude, especially at levels above 25^000 feet 
(see section entitled "Altimetry"). 
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Collection, evaluation, and transmission of upper air wind data 
should be speeded up in order that they may be of utmost value. Currently 
some upper air data are more than 4 hoiirs old when transmitted. It is 
recommended that wind profiles for all rawlnsonde observations be trans- 
mitted In a form which provides data for both standard and significant 
levels (in a manner similar to that in wljich radiosonde data are 
transmitted) . 

(4) The development of adeq.uate technlq.ues for wind forecasting at 
upper air levels is needed. The promotion of theoretical and experimental 
investigations Involving the dynamics of the whole upper level air flow 
will serve this desired aim. 

(5) New methods for gathering wind data at hi^ levels should be 
stiidied and evaluated, for example, in-fli^t reports from jet aircraft 
giving D values along the track (or hel^t profiles additional to any 
radiosonde information) , In-fiight reports of observed winds using con- 
ventional or automatic navigational equipment, and data from constant- 
level balloons stud their trajectories. 


HIGH-LEVEL CLEAR-AIR TURBULEJNCE 
Statement of Eroblem 


Among the meteorological phenomena that affect the commercial turbo- 
jet aircraft at cruising levels, clear -air turbialence is tindoubtedly the 
most troublesome. The fact that these aircraft perform most efficiently 
at high levels causes them to be exposed to this turbulence which is now 
known to occur in the upper troposphere and lower stratosphere, ISifor- 
tunately, the higher speed of these aircraft intensifies the effects of 
the turb\alence and their narrower limits of cruising speed and altitude 
make avoidance of turbulence more difficult. Generally, the gusts have 
an adverse Influence on the comfort of the passengers and contribute to 
structural fatigue. Occasionally, the turbulence may be severe enough 
to Impose serious stresses on the aircraft and possible Injury to the 
occupants. This is especially true since the rough air occurs without 
any visual warning and hence there is no time to take precautionary 
measures . 

This phenomenon as yet cannot be forecast with any great accuracy, 
mainly because there is not a full understanding of the caiises and 
mechanics of clear-air txirbvilence. 

The transitory nature of this turbulence is difficult to observe 
with the current fixed network of aerologlcal stations, the scheduled 
observations of which are widely spaced in time. In addition, there are 
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some pe-r-hi nf»n+. paramfi'ters vliich are nort measured by "the canverLtional 
upper-air ob sensational tecbnigues. 


Discussion. 

At an earlier date, it was expected that the Jet transport would 
fly over most of the adverse weather, but, since the advent of turbojet 
aircrsLft, clear-air turbulence has become a major problem. VJhile there 
have been occurrences of this phencanenon reported at the levels currently 
used by conventional aircraft, it appears to be more prevalent at the 
higher cruise levels of the turbojet aircraft. In the ten^erate latitudes 
where most of the occvirrences of turb^alence have been observed, the major- 
ity of cases appear to be associated with a Jet stream whose altitude 
(average 55 >000 feet) generally coincides with that at which the current 
tm*boJet aircraft show their most efficient performance. Sometimes, this 
association entails the interaction of upper tropospheric and lower strato 
spheric air in conjunction with a pjronounced Jet stream that involves the 
Juxtaposition or superposition or both of the subtropical and the polar 
tropopauses. Clear-air turbulence is usually foiind in regions where 
steep lapse rates occur and where the wind shear, especially in the ver- 
tical, is most intense. This turb\ilence may also be associated with other 
features of the atmosphere, for example, the divergent outflow in the 
upper portion of ciamulonimbus clouds. 

Since conventional methods of upper air observations do not provide 
measurements of vertical or oscillatory motions of the air, they are 
inadequate for detecting the occ\urrence of this txarbulence. Failure to 
obtain direct observational evidence of turbulence also stems from the 
smallness of scale and the transient natxire of this phenomenon in relation 
respectively, to the gross spacing of the stations in the aerological 
network and to the time interval between soundings. Therefore, the prac- 
tical solution, in general, has been to use Jet aircraft as probes to 
secxare direct experience of turbulence. However, the problem of obtaining 
the antecedent and conctirrent high-level synoptic meteorological data is 
somewhat more difficult. Specially instrumented flights from U. S. Navy's 
Project Arowa and U. S. Air Forces' Project Jet Stream with trained per- 
sonnel have made some valuable initial efforts in this direction, but much 
more work alongj this line will be needed. 

As far as theoretical considerations are concerned, there is a great 
deal yet to be accoorpliehed. While present aides such as the Richardson 
criteria are helpful, they have proved ineffective in solving the problem. 
In order to be able to forecast clear-air turbulence accurately, it will 
be necessary to develop a theory which would provide Information on the 
history, development, and length of duration of the turbulent manifesta- 
tions, as well as on the intensity, size, and space distribution of the 
turbulent elements. Research relevant to this problem is currently being 
conducted at various institutions. 
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Conclusions 

The existing observational and theoretical basis on which methods 
can be established for forecasting clear-air turbulence are foimd to be 
inadequate. It should be noted that the forecasting of this phenomenon 
will often necessitate the forecsistlng of larger features, such as the 
jet stream. 


Proposals 

(1) Investigations are now in progress for evaluating the effective- 
ness and the practicability of gust-alleviating devices. Some preliminary 
work has already been ccanpleted in this field. Research programs for the 
development and testing of a gust -alleviating device should be continued. 

( 2 ) Clear -air turbulence seems in the majority of cases to be asso- 
ciated with jet streams and in most of the remaining cases with other 
particular recognizable conditions of the upper air, for example, strong 
shear, cold lows, and so forth. Assuming the ability to forecast the 
occurrence of these attendant conditions, a study should be made to 
determine what would constitute the necessary and sufficient three.- 
dimensional observational data to be used for developing practical rules 
for forecasting clear-air turbulence. Jet aircraft will probably con- 
tinue to serve as probing instrimients in data collecting programs, while 
other instruments , such as gustsondes, may need to be developed. Cogni- 
zance should be taken of such investigations as have already been initi- 
ated in this field. 

( 3 ) Theoretical and experimental investigations along lines that 
may be conducive to the solution of this problem should be encouraged and 
prcaaoted. Guidance for this work might be secured through the medium of 
a competent panel of experts. 


OTHER SIGNIFICANT WEATHER FACTORS 
Statement of Problem 


Other weather factors which may affect jet-aircraft operations axe 
cloud turbulence, icing, visibility at upper levels, runway conditions, 
frost, and precipitation. The problaois that these weather factors pre- 
sent are not expected to be different in nature from those affecting 
present-day conventional -aircraft operations. However, because of the 
higher speeds of jet aircraft, the problems associated with icing, turbu- 
lence, and hall may be more critical. 
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Discussion 

Turbulence .- Ttarbulence which will affect passenger ccanfort but is 
not structxirally dangerous Is associated with some cirrus clouds and 
also with cumulxis cloud masses not developed to the congestus or thunder- 
storm stage. In view of the greatly increased speeds of Jet fli^t, this 
latter form of ttirbulence may be quite objectionable during ascent to or 
descent from cruising levels. A detailed knowledge of cloud conditions 
would be quite helpful in fli^t planning. 

Turbulence which could be dangerous to Jet flight occurs in con- 
nection with mountain waves and within, or just above, cumulonimbus 
clovids. Mountain-wave conditions can be forecast with a reasonable degree 
of accxiracy. General areas of thunderstorm buildup can be predicted, 
but it appears that thunderstorm-cloud tops cannot be forecast within 
several thousand feet. At cruise level, aircraft can normally avoid 
penetrating cumulonimbus clouds, thereby avoiding the dangerous turbu- 
lence, except during periods when the tops of these clo\ids are obscured 
by cirrus or haze layers. Occasionally squall lines may pose an impene- 
trable barrier. 

Icing .- From crirrent infonnation, it appears that the probability 
of occurrence of meteorological conditions conducive to ice formation at 
the cruise levels of tiorbojet aircraft will be lower than the probability 
at the present criilse levels. Significant icing intensities as may occur 
at turbo Jet-aircreLft cruise levels will, in most cases, be associated 
with cumulonimbiis clouds. Flight penetration into such clouds, if they 
are detectable, will usmlly be avoided for other reasons, such as tm:bu- 
lence. Therefore, encounters of serious icing intensities at high alti- 
tiade can be expected to be very infrequent. 

At the lower flight levels, the operation of turbojet aircraft 
equipped with protection systems should present no new icing problems 
for the forecaster. 


Conclusions 

The salient problem considered in this section and the one most likely 
to assxame critical importance in any future large-scale jet-aircraft oper- 
ations is that of thunderstorm turbulence. In view of the physical nature 
of thunderstorm development, it appears unlikely that precise forecasts 
of the locations of indlvldvial or even groups of thunderstorms will ever 
be possible, much less any accurate prediction of their individual inten- 
sity. Future progress will probably depend upon the utilization of air- 
borne and ground radar of siiitable characteristics. 
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Prox>os6J.B 

(1) The development of a satisfactory airborne weather radar for 
use on transport jet aircraft should be enthusiastically pressed forwardj 
fli^t experience in the utilization of such radar for avoidance of tur- 
biilence, hall, and icing associated with well-developed cumuloform clouds 
should be accumulated without delay. 

(2) Procedures should be developed to permit better utilization of 
surveillance radar now in operation by both military and civil agencies. 
This required provision of direct radio canmunicatlon between the air- 
craft in flight and the surveillance radar facilities which can be of 
value to the pilot. For maximum value to the pilot, provision should 
be made to relay traffic -control clearances through the rad£ir facilities 
being used by the flight. Such procedvires are now in use by the Civil 
Aeronautics Administration and certain military surveillance radar facil- 
ities and shovild be expanded as rapidly as possible. Mot only will 
turbojet-transport operations benefit, but small, military and civil air- 
craft not equipped with airborne radar to display the more treacherous 
cvnnuloform cloTids will also be aided by such a systan. 


RELEVANT QPERATIQNS EROBI^MS 
Communications 


There are several other problems associated with the safe, efficient, 
and economical operation of aircraft which have less meteorological signif- 
icance; of these the communication problem is probably the foremost exam- 
ple. For turbojet-aircraft operation, speedy and reliable radio commu- 
nication is essential; the transmission of the terminal, forecasts or other 
operational advice to the pilot during flight and just prior to descent 
should be uninterrupted. As conmunications utilizing L/MP and EF are 
readily susceptible to atmospheric and precipitation static, it is urged 
that VHF or UHF CQmmxinl cations and navigation systems, either of which is 
infrequently affected by by static, be available for tise by Jet aircraft. 
Careful attention must be paid to the need for special frequencies for 
communication with jet aircraft because of the height of the aircraft and 
the- communication interference that results from stations operating on 
the same frequency. It is apparent that jet aircraft must have more fre- 
quencies available than aircraft operating only at lower latitudes. 


Air Traffic Control 

During periods of adverse weather, with particularly low ceilings 
and visibilities, traffic -control problems at or near airports are 
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increased, and with the expected mixed traffic (piston and jet aircraft) 
these problems will be intensified. In addition to the number of air- 
craft utilizing an airport, time-consuming Instrument letdovn procediires, 
missed approaches, emergencies, or conpletely closed airports all contrib- 
ute to trsLffic congestion. To alleviate this congested traffic, the 
use of automatic equipment, radar, and other devices is being pursued. 

All efficient turbojet-aii*craft operations will probably be con- 
ducted under Instrmient Flight Rules so that the traffic will be more 
canpletely controlled. Weather forecasts and observations, both at the 
terminal and en route, will require more accuracy, a requirement that is 
also needed today. 


Ground Radar 

For all-weather flight, full utilization of approach and landing 
aids is required. Heavy precipitation clutters the surveillance and 
precision plan -position- indicator (EPl) radar scopes. IMtll such time 
as radar beacons for traffic control are installed in duplicate in all 
aircraft, there will be a dfanand for accurate forecasts of heavy precip- 
itation. Many small jet aircraft may not be able to carry a beacon at 
all. Heavy precipitation will always cause a decrease in effectiveness 
of ami^^h and threshold lighting. The need for precise forecasts of 
the and kind of precipitation will continue to increase on this 

account T 


Noise 

The aircraft and airport noise problem also has the weather factor 
involved. Although research is continuing on the fundamentals of the 
generation, propagation, and reduction of aircraft noise, it appears 
that many years will pass beofre noise-reduction methods may be applied 
without performance loss; meanwhile, engines are becoming more powerful. 
The influence of atmospheric factors (properties of tlie medium, tenq>er- 
atixre, wind velocity gradients, turbulence) on sound propagation is pres- 
ently imder stiidy. It may not be amiss to predict that the results of 
noise-propagation Investigations may Indicate relationships between sound 
and weather, that some noise alleviation or increase may be achieved under 
certain meteorological conditions, such as temperatiare inversion and wind 
gradient, and that the airport management may eventually seek Information 
from the weather office for the purpose of noise control. 
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Altimetry 

Higher flight speeds and altitudes may pose an altimetry problem 
for turbojet-aircreift operation, inasmuch as the barometric -pressxire type 
of altimeter may not be sufficiently accurate at very high altitudes for 
normal vertical separation of aircraft. In addition, at high flight 
speeds, manual setting of the bar anetric -pres sure type of altimeter may 
become more than a nuisance to pilots. 

Present practice is for aircraft to fly vith respect to pressure 
altitude (altimeter setting 29.92 inches) at all levels over oceans, 
whereas over land, "controlled" flights are made with respect to a pseudo- 
true altitude which is actually pressure altitude plus the D value at 
the sxirface. At high altitudes, deviations from true altitude may often 
be greater with the altimeter set according to the groinad pressure thsui 
with it set at 29-92 inches. For greater convenience and more accurate 
forecasts of wind and temperatin:e, turbojet-transport flights above 
25,000 feet over land should also be conducted with respect to pressure 
altitude. If this were done, hi^-altitude winds would be reported in 
the same system, that is, pressure altitude rather than geometrical 
altitude, as at present. This method would yield more aecurate wind 
forecasts for flight operation. 


CONCLUDING REMARKS 


In general, it la concli;tded that, although the weather-service 
requirements for turbojet-transport operations will be somewhat differ-r 
ent from those for current aircraft, the difference will be mainly one 
of scale rather than of scope. No new requirements are anticipated even 
though operating altitudes and speeds are increased and forecast -error 
limitations are more critical. The meteorological problaas, therefore, 
will be rather similar in nature to the present ones. 

The recomniended solutions for these meteorological problans involve 
adequate instrumentation properly placed to obtain more accurate and 
representative data at all levels, improved methods for more rapid col- 
lection and dissemination of data and information, reliable techniques 
for analysis and forecasting, and the successful application of research 
resiilts . 


NACA Headquarters, 

Washington, D. C., November 1, 195^* 
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AFFEKDIX A 

WOBKENG-GROUP MEMBEESHIF 


The members of the working group were the following; 

Lt. Col. Olav NJus, IBAF, Chairman - Air Weather Service 
Mr. LeRoy H. Cl«n, Chairman - U. S. Weather Bureau 
Lt. Col. Arth\ir F. Gustafson, USAF - Air Weather Service 
Comdr. Daniel F. Rex, USN - Office of Chief of Haval Operations, 
Aerology 

Comdr. Charles R. Dale, USN - Office of Chief of Naval Operations, 
Aerology 

Mr. Frank C. White - Air Transport Association 
Mr. Robert M. Rados - Air Force Cambridge Research Center, Geo- 
physics Research Directorate 
Mr. Daniel M. O'Keefe - Capital Airlines, Inc. 

Mr. Mason T. Charak, Secretary - NACA He^quarters 

Mr. Clem was elected chairman at the fifth meeting on April 27^ 
195 ^, succeeding Lt. Col. Njus. Lt. Col. Gustafson replaced Lt. Col. N, 
as the Air Weather Service representative in May 195^* Comdr. Dale 
replaced Comdr. Rex as the Navy member in July 195^- 

Mr, Louis P. Harrison, U. S. Weather Bureau, served as permanent 
consultant to the working group. 

Mr. Henry T. Harrison, Jr., IMlted Air Lines, Inc., aided in formt 
latlng the statement of the problem. 

The following specialists attended one or more meetings of the 
working group: 

Captain Keith Veigas, USAF - MacDill Air Force Base 
Mr. Harry Press - NACA Langley Laboratory 
Mr. Boyd C. ViyerSf H - NACA Headquarters 
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APPENDIX B 

FOBECAST OF METEOROLOGICAL PARAMETERS FOR 
JET -AIRCRAFT OPERATION 

TAKE-CFF AMD LANDING FORECASTS 
Starface Temperature 


To determine the length of runway needed to take off and to clear 
all ohstacles hy 50 feet at a given take-off weight, the runway pressure 
altitude, the air ten^ratvire, and the wind component along the runway 
should he known. For those bases where runway length is critical, air 
temperature over the runway at about the jet intake level must be known 
to an accuracy of approximately ± 5 ° F- For the Comet I, if temperature 
is considered the only variable and a reasonable gross weight is assumed, 
this is equivalent to predicting take-off roll to about +200 feet or 
take-off gross weight to about 1,000 pounds. Figures available on other 
jet transports indicate that a 115 ° F change in teinperature would have a 
somewhat smaller effect on take-off roll distance, but the effect on gross 
weight would be about three times as large, or about 2,500 pounds. When 
the other variables in calculating take-off roll disteuace are considered, 
a more exact value of temperatijre will not result in a significantly 
better value for the calculated take-off roll. This information must 
be available 1 to 2 hotirs before take-off eind again, for verification 
ptnrposes, just prior to take-off. A forecast of runway tenqperature is 
also reqviired about 12 hoinrs before take-off. This forecast shovild be 
as accurate as possible, but forecast errors of ±10° F are tolerable. 


Surface Bumldity 

The British experience with the Ccsnet (refs. 5 to 8) is that no 
evidence whatever has been foimd that htnnldity has any noticeable effect 
on take-off performance. 


Surface Pressure 

Air pressure is the third Ingxsrtant variable in determining perform- 
ance. Under conditions where runway length is critical, a change of 
10 millibars in the sTirface pressure, teinperature remaining constant, 
will have about the same effect on the take-off roll distance as a chemge 
of 5° F at constant pressure. 
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Pressure Altitude 

There is a 1:1 correspondence "between pressure and pressure altitude 
as determined by the standard atmosphere; and for practical reascms air- 
craft performance manuals are based on pressure altitude as one of the 
fundamental parameters. Since the variables tenperature, pressure alti- 
tiide, and wind determine the length of the take-off roll or the maximum 
gross take-off weight, it is convenient to provide forecasts of pressure 
altitude as well as of terperature and wind. Under conditions when run- 
way length is critical, that la, high temperature and low wind speeds, 
pressiore altitude can "be forecast quite accxorately. Figures available 
on two types of Jet aircraft show that the effect on take-off roll of* a 
500 -foot change in pressure altitude at constant temperature is about 
the same as a 10° F change in temperature at constant pressvire altitude. 
Assuming that the same relationship holds true for other types of Jet 
aircraft, pressure-altitude forecasts accurate to ±250 feet will satisfy 
the requirements. 


Ceiling and Visibility 

Reliable celling and visibility forecasts are required, for, when 
low celling or visibility prevents or delays take-off or landing, even 
small forecast errors are costly. The real problem is to determine how 
accurately ceiling and visibility can be forecast and adjust operations 
to these errors. Planning forecasts will be required well in advance 
of take-off and verifications on the basis of latest observations will 
be necessary at departure time. The landing forecast is even more 
critical than the take-off forecast and, to provide a forecast of maxi- 
mum accuracy, the forecast period must "be reduced to a minimum. This 
necessitates rapid and reliable canmunicatlons so that a last-minute 
landing forecast can be provided before the pilot begins the descent to 
the terminal selected for the landing. To provide a maximum degree of 
safety, forecasts of the alternate -ter minal conditions will also be 
required at this point. 


Wind 

Forecasts of the following wind conditions are required: 

(l) Wind speed parallel to the runway - The wind speed parallel to 
the runway affects the length of the take-off roll or the maxlmvim gross 
take-off weight; so, when runway length is critical, an accurate forecast 
of the wind speed parallel to the runway is required. If take-off dis- 
tance and temperature are held constant, a 10-knot Increase in headwind 
will permit one type of Jet transport aircraft to take off with 12,000 
to 15,000 pounds more gross weight. For a given gross weight, take-off 
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roll is decreased 7 OO to 1,000 feet for each 10-knot Increase in take-off 
headwind. These figures show that a 2-knot headwind will have about the 
same effect on take-off roll or gross take-off weight as a 5° ^ tempera- 
ture change, that is, roll decreases 200 feet or less or take-off gross 
weight Increases 2,500 pounds. (To see further the Interdependence of 
forecast errors, 2,500 pounds of fuel will be sufficient to take care 
of a 25 - to 50 “knot error in the mean-route-wind forecast over a speci- 
fied sector length.) The effect on landing is less. 

( 2 ) Crosswind component - With a high crosswind coniponent, landing 
of aircraft is critical and becomes ingjracticable if the crosswind com- 
ponent exceeds certain limits. The limit of safety depends upon the 
gustiness of the wind^ maximum crosswind components are tolerable if the 
wind velocity is steady. Therefore, accurate forecasts of crosswind 
conponents are desirable. It is not possible to arrive objectively at 
the desired accuracy, but experience indicates that forecasts and obser- 
vations accurate to ±5 knots would be adequate. 

( 5 ) Gustiness - As with piston-engine aircraft, the gustiness of 
the sinrface wind is important to take-off and landing of jet transport 
aircraft. The effect of gusts on an aircraft becomes increasingly 
critical (a) as the difference between the indicated airspeed on the 
final approach and the indicated airspeed at touchdown decreases and 
(b) when the wings of the aircraft are low so that a slight "tip" of the 
aircraft will cause the wing tips to strike the groimd. 

The design of present-day jet transports is such that gusty siirface 
winds are more critical than for most piston -engine aircraft. The spe- 
cific requirement for forecasts or observations or both of svirface 
gustiness cannot be determined objectively. However, gustiness expressed 
at maxlmvcm wind speed recorded over a period of about 5 minutes is appar- 
ently needed. It is evident that forecasts of critical gustiness would 
be required 12 hoiirs, 1 hour, and just prior to take-off and landing. 


ASCENT AND DESCENT (SURFACE TO APPROXIMAlTELY 55,000 FEET) 

Mean Wind and Mean Tenperature 

A forecast of the mean wind frcmi the surface to 55^000 feet in 
altitude Increments is reqTiired. Mean-temperature forecasts are desir- 
able. In both cases, accuracy is important but not critical. 


Ejpected Weather Conditions 

Except for icing, turbulence, and hail associated with thunderstorms, 
weather for ascent and descent does not appear critical. 
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CRUISE 

WiJ3d 


A mean-wind forecast for the entire route is required, sufficiently 
accurate so that excessive fuel loads are not necessary. Generally, it 
is considered that a nKan wind accurate to +10 knots is desirable. This 
wind forecast must he prepared and presented in sufficient detail so 
that horizontal and vertical diversion to talie advantage of favorable 
winds is possible. (Figures available for the Comet state that vertical 
diversion is profitable if" the wind shear at the optimum cruise level 
exceeds 10 knots per 1,000 feet.) In addition to supplying the informa- 
tion necessary for p1.ann1.ng mini mum flights, the wind forecast must pro- 
vide the information needed if diversion, both vertical and horizontal, 
becomes necessary (i.e., because of engine failure). The wind required 
is not a constant -level wind, since a Jet In normal flight maintains a 
slow climb. 


Temperature 

Temperature at all altitvides affects turbojet-engine performance. 
However, if proper cinilse control is maintained, range is practically 
vtnaffected; thus, the problem is not a serious one for the forecaster. 
It is generally assumed that forecasts of ten^jerature accurate to +5° C 
will be needed. 


Other Conditions 

Turbulence and icing are two meteorological phenomena which require 
forecasts so that safe, efficient, and comfortable flight plans may be 
maintained. Dangerous turbulence may be encountered in curaulonlmbTOS 
buildups, in movintain waves, and in clear air. Icing conditions at Jet- 
aircraft criilse levels are likely only in cumulonlirDbus clouds . Fore- 
casts of areas of txarbiilence or icing (or both) are Important so that 
these areas may be avoided and allowed for in fuel-supply calcxalations . 
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APPENDIX C 

DISCUSSION OF CEILING AND VISIBILITY PROBLEMS 


REQUIREMENTS DURING AN APPROACH 


The most crucial problems relate to the forecasting of conditions 
that will he encountered over the surrounding terrain and the runway 
during the approach for a landing and during the touchdown and landing- 
roll periods (ref. l) . Upon breaking these problems into constituent 
parts (ref. 9) ii will be noted that during the latter portion of the 
approach while still above critical altitude the pilot must first sec\ire 
visual reference with respect to the terrain or approach-light system to 
permit him to check his altitude and location with respect to the runway 
and, then, upon passing below the critical altitude, to make proper and 
timely modification of the control settings of his aircraft, if necessary, 
taking account of heading, horizon, attitude, and height to reach the 
touchdown point in a normal manner. Next, the pilot must visually detect 
and recognize the threshold of the runway and see enough of the runway to 
orient for the final landing maneuver and to effect a touchdown safely. 

So far, it will be noted that the problem involves slant visual ranges 
of certain specified targets as observed by the pilot from a succession 
of points on the glide path. Finally, after touchdown, the horizontal 
vlsiaal range along the runway concerns the pilot, for he must see markings 
or lights enovigh distance ahead along the runway to complete the landing 
roll safely. The TniniTnum distance has been variously estimated from about 
the linear displacement of the aircreift in 5 seconds at constant speed to 
about 1,200 feet. 


PROBLEM OF SLANT VISUAL RANGE 


In the case of the approach, the vantage points from which the pilot 
makes slant visual reference are in the free air at various positions on 
the glide path. Unfortunately, the slant visual ranges involved here are 
not, strictly speaking, uniquely determined by the cloud -base height 
(ceiling) and the horizontal visibility. Pointwise, those ranges are 
governed physically by the slant transmission of light in the atmosphere 
and the inherent contrasts of the target against its background or the 
Intensity of the light source observed. Psychophysical Ty, the ranges 
are determined by the adaptation of the pilot's eyes for the detection 
and recognition of apparent contrasts of runways or other targets stgainst 
their backgroimd or for the detection and recognition of lights. The 
adaptation of the pilot ' s eyes depends largely on the backgroxmd brightness 
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to which they have heen exposed and on sources of glare. Some of the 
additional factors are coclspit cutoff; rain, ice, or snow on the wind- 
shield; turbulence; ground speed; familiarity of the pilot with the 
terrain environment of the airport; landing -aid facilities; use of man- 
ual or autanatic approach control couplers; and so forth. These factors 
greatly affect the search time for detecting approach lights, landmarks, 
and runway threshold. 


PROBLEMS OF VARIABILITY 


The variability of the atmosphere both in space and time with regard 
to clouds, fog, haze, smoke, and vario\as forms of precipitation that act 
as obstructions to vision hanpers the expression of slant visual range or 
runway visual range by a sinple specification. Super -imposed can the fore- 
going are thp variabilities of the background brlgditness and glare condi- 
tions, as well as the state of the pilot's eyes, which control his ability 
to see. Beyond these, there occur the variabilities in the other factors 
mentioned above. 

Studies made by varlo\is organizations have shown that cloud bases 
generally exhibit pronounced irregularities, such sis pendants and hollows 
(refs. 10 and U), which may be transported by the cloud movement and 
which also may be affected by precipitation and by convective currents. 
These currents, and hence the distribution of pendants and hollows, are 
partly controlled by the orographic featiores of the area traversed. Thus, 
ceiling measurement is a variable which may be regarded as stochastic, 
with apparently random, variations. 

The probability of an aircraft breaking out of an irregular cloud 
base within a particular altitude range is therefore a matter that depends 
upon the frequency of various cloud-base heights. Some concept of this 
frequency may be gained by a detailed study of the progression of cloud- 
base heights indicated by the rotating-beam cellometer, while a meastire 
of the variability is yielded by the moving successive standard deviations 
of the cloud-base heights. These facts point to the conclusion that the 
determination of these standard deviations would provide useful informa- 
tion pertinent to the problem (see refs. 9 to 12). 

From the foregoing dlsc\xsslon, it appears that the best that cotild 
be expected by way of a forecast is a set of statements of the probabili- 
ties that the ceilings and visual ranges will lie between certain limits, 
assuming certain psychophysical parameters and functions to be known. 
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MEASUEEMEKT OF SLAOT T!RAKSMISSION 


Slant visTial range- Involves the transmission of Light throu^ 
inclined paths. In order to measure this transmission, it is necessary, 
in general, to observe frcxn the surface, since it is ii^ractlcable to 
mount instruments • or place observers in the free air at the points on 
the glide path that will be followed by an aircraft during a descent. 
Stewart, Dnmmieter, and Pearson (ref. IJ) have developed a method of 
measirrlng slant transmission based on photometric measurements at two 
points on the surface of light scattered from a searchlight beam. 
Middleton (ref. 2) has made calculations to determine whether photomul- 
tiplier tubes are sensitive enough to permit making these photcanetric 
measxirements under dense fog conditions, and he has come to negative 
conclusions . 


AUXILIARY DATA FOR SLANT VISUAL RANGE 


Apart from the need for optical transmission data pertaining to 
slant range, there is a need for measurements of a different character, 
such as of the limilnance (photometric brightness) of the background or 
horizon, against which objects on the ground are seen by the pilot, and 
the llliunlnation incident on a horizontal siirface. Observations of this 
character provide a basis in calculations for the brightness contrasts 
with which the pilot may be confronted and for the background brightness 
to which the pilot’s eyes may be adapted. Additionally, the intensities 
of point sources of light must be determined for -various directions of 
propagation, and likewise similar data for glare sources, whether from 
the sun or artificial lights, must be known. Information of this nature 
is essential for visibility computations involving ligshts. (Further 
de-tails are presented later . ) 


PROBLEMS OF HORIZONTAL VISIBILITY 


With regard to horizontal visibility, tests have been conduc-ted 
(refs. 9 to 12) to ascer-taln the utility of an Instrument, called a 
•transmit some ter installed near -the touchdown point, for measuring hori- 
zontal transmission over a 750-foot baseline. Results of the tests show 
that significant deviations can occur between results given by direct 
visual observation from a fixed point and -those given by the instrument, 
assuming certain .calibration constants . Part of the deviations can be 
considered to arise from variations in performance of the observers 
(psychophysical factors) part can be attributed to Imperfect sampling 
by the instrument (limited to a 750 -foot path) when the atmosphere is 
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not optically homogeneous, nrifl part can he traced to lack of slmilitvide 
of light and hackgroimd conditions hetveen observer and instrument. 

As demonstrated by these tests, the raw data yielded by the trans- 
missometer are often not representative of the horizontal projected 
distance frcan the rxmway threshold to the point on the glide path at 
which the pilot first sees the threshold. This means that the presence 
of cloud, fog, haze, and precipitation, above the transmissometer level, 
and factors such aa cochpit cutoff, glare, rain on the windshield, and 
so forth, which cannot be taken into cognizance in the instrument cali- 
bration, exert a profoimd influence on the results. That is, the trans- 
mlssometer by Itself gives an imperfect and Incomplete presentation of 
the visibility conditions confronting the pilot while airborne, especially 
if there are obstructions to vision aloft. However, when there is homo- 
geneous, low-lying fog, the transmissometer is capable of giving fairly 
representative results. 


SYSTEM PEOPOSED BY SPERRY GYROSCOPE COMPANY 


The ^erry Gyroscope Con^pany has proposed a system of estimating 
the altitudes at which the pilot will first establish (a) vertical visual 
contact with the groimd and (b) slant visiaal contact with the runway 
threshold. This system requires, first of all, classification of the 
weather conditions into categories such as low clouds, radiation fog, 
and snow. A different evaluation chart is used for making the estimates 
pertaining to each category. The category must be ascertained by the 
observer frcan a consideration of the current synaptic chart and the 
weather conditions at the terminal. Among the parameters that must be 
measured are (l) the horizontal transmissivity, (2) the mean cloud-base 
height determined by averaging about eight indications of the rotatlng- 
beam ceilaneter, (3 J the standard deviation of the cloud-base hei^t 
established from these indications, (%) the background luminance (photo- 
metric brightness), and (5) the illttmination incident on a horizontal 
siurface at the ground. Consideration must be given to the objects in 
the approach area with regard to their size. Inherent brightness, and 
reflectance, or intensity and glare source in the case of lights. This 
requires a separate calibration at each major terminal. Also involved 
are transient variables such as the presence of ice or snow on the ground 
and on the runway, the occurrence of a sheet of water on the latter, the 
intensity setting of the approach lights, and the direction of the sun in 
some clrcxmistances . 

The system referred to above has been developed only at MacArthur 
Airport, New York, ■using a DC -3 aircraft equipped with an automatic- 
approach coig)ler and operated by a special crew having long experience. 
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A scanty collecticai of compajrative test data has also "been secured 
for Idlewild International Airport, Nev York, on a fev occasions. How 
well tlie system will work under diverse conditions as regards weather 
category, aircraft, pilots, approach-light system, and so on remains to 
he determined. Owing to the fact that the system entails some en^iirlcal 
relationships and does not involve actiial slant -transmission measurements, 
it appears that something woTild he left to he desired even if the system 
were introduced. 

One salient fact concerning the system must he emphasized, namely, 
that it is based essentially on current ohservatlons; hence, it is not 
intended to yield forecasts of certain visibility representations of 
Interest to the pilot if the basic parameters i;iBed in the system suffer 
a significant change. Thus, there remains a requirement for forecasts 
of the parameters. 


HUMAN VERSUS INSTRUMENTAL VISIBILITy OBSERVATIONS 


With respect to visibility, escperience in the United Kingdom 
(ref. l4) has led meteorologists and aviators there to stress the 
importance for landing piirposes of "runway vis\Jal range" in lieu of 
"meteorological visibility," or visibility observed from a station. 

Runway visual range is determined by an observer located at the end of 
the runway, facing in the direction of landing, and observing the greatest 
distance at which rvinway lights or markers at the side of the rimway are 
visible. The markers are shaped like A tents, with half of each sloping 
face painted black and half painted white. 

In the United States the inclination has been to use a device, 
namely, the transmisscmjeter, installed near the end of the runway to 
yield "horizontal visibility." The result obtained depends upon the 
calibration assumed for the device and is limited by conditions along 
the sampling path (750 feet). When conditions are not homogeneous, the 
value of visibility calculated from the path transmission may be some- 
times less and sometimes more than the visibility that vovild be reported 
by an observer who integrates over a longer (or shorter) horizontal 
distance. The observer can take account of effects of glare, directional 
intensities of lights, background Iviininance, and so forth. The trans- 
mlssometer by Itself cannot do this. However, should there be an addi- 
tion of certain auxiliary illumination and photometric devices in con- 
junction with calibration of the light sources, target characteristics, 
smd other factors, significant Improvements may be possible. 

One conclusion that has received considerable svipport from several 
studies is that the prevailing visibility (ref. 15 ) estimated by an 
observer at a meteorological station on the basis of the conditions over 
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half or more of the horizon may in many circumstances yield results not 
representative of runway visual range. Therefore, some improvement may 
he achieved hy giving pilots reliable reports of runway visual range for 
the landing area to assist in the final approach and touchdown- Such a 
measure is very inp>ortant safetywise for high-speed aircraft descending 
towards short runways, especially with a low celling and low visibility 
weather sltiiation. This is particiilarly true if there are tail winds or 
strong cross -runway winds. Experience at MacArthur Airport has shown 
that a severe wind shear accompanied by tiirbulence in the lower 1,000 -foot 
layer of the approach poses dlfficiilt control problems in this region and 
hazardous landing conditions, which become greatly aggravated under the 
circumstances described Immediately above. 


ADEQUATE NETWORKS, OBSERVATIONS, AND FORECASTS 


While freq.uent, reliable end-of -runway and approach-zone observations 
of ceiling and visibility are necessary as a foundation for services to 
both Jet and conventional aircraft under instrument weather conditions, 
these observations are not enough to satisfy all the requirements by them- 
selves, as previously indicated. First of all, observations of supple- 
mentary and additional parameters are desirable to bolster the program. 
Second, the concept of a single station as a basis might be expanded in 
scope to Include a small grid of outlying nearby points from which obser- 
vations are secured by suitable communications mediums to detect move- 
ments of fronts, cloud systems, precipitation, and so forth into the area. 
Third, the combination of all available data, including those from the 
synoptic network, severe-storm local reporting networks, and others, must 
be converted into suitable forecasts for the purposes and time intervals 
outlined in the early portion of this discussion. Foijrth, the pertinent 
forecasts and latest end-of -runway observations must be communicated by 
radio to the pilots at appropriate times. 

Appendix D illustrates in outline form some of the facilities, equip- 
ments, and supplementary observations which might be contemplated under 
an Idealized program designed to provide, in the long range, a sound basis 
for a system capable of yielding significantly Improved forecasts. Under- 
lying the material in appendix D is the view that the physical factors 
and processes involved in fog and cloxid formations, precipitation, smoke 
diffusion, d\ist and haze transport, and other phenomena must be observed 
directly, if possible, and taken into account explicitly if real progress 
is to be made In forecasting for the specified purposes. The size of 
the network of stations which must be embraced in the system will depend, 
naturally, upon the range and time interval covered by the forecasts. 

Thus, for the 5- to 7-day forecasts, hemispherical and global extents 
are entailed. For the 2lt-hour forecasts, areas within radial distances 
of one -half to perhaps one -fourth of these will be involved. For the 
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6-ho-ur terminal forecasts, radial distances of the order of 1,000 to 
2,000 miles will come into consideration. In the case of the 1-hour 
forecasts, radial distances out to several hundred miles will have to he 
covered; and, finally, with regard to the forecasts covering a 20-mlnute 
range, distances out to perhaps 50 miles will he of concern. However, 
the optimum density of the network for these various ranges or time 
Intervals is not uniform, for a denser dlstrlhution is necessary in the 
immediate vicinity of the terminal to enhance the accuracy of the short- 
time, local forecasts. 

By a suitable design of the network spacing and station locations, 
the spectral distribution of sizes of the weather systems which affect 
the terminal can he brought into consideration, so that greater detail 
is secured where needed. The question of what constitutes an adequate 
network for specific pvupjoses deserves much consideration in the long 
range. Study of the problem of the best strategy for location of sta- 
tions may be accomplished by the methods of operations research. Inves- 
tigations to this end must take accomt of orographic Influences and 
local factors such as those which are conducive to fog formation or 
thunderstorm outbreaks. Trends, gradients, and other derived functions 
with respect to the various parameters of concern will have to be ascer- 
tained from the networks to permit forecasts of development phenomena. 

A soundly established service to achieve results significantly better 
than those heretofore secxrred must allow for the volume of material that 
will be collected and the speed with which the weather analyses and fore- 
ceists must be issued. This will caJ.1 for high-speed methods for col- 
lecting, processing, and issuing data. Specialized equipment and person- 
nel will doubtless be required to cope with each phase of the program. 

To a considerable extent the schediile of observations and iss\aance of 
reports must be geared to meet the traffic requirements and it must be 
capable of adjustment to yield optimum results by variations in frequency, 
content, areal coverage, and so forth as may be called for to fulfill best 
the needs of the situation. 

Confronted by a requirement to maintain a continuous watch on weather 
for the ranges outlined above, the meteorologist must have at his disposal 
a communications system which is utterly reliable and a reporting system 
which signals significant changes that may determine instrvmient weather 
at the terminal and alternate over the operating time interval. 


DEVELOPMENTS REGARDING VISZBILITy 


While the forecast of clouds and weather to be expected is an essen- 
tial basis for a solution of the problem, there still remain the questions 
of determining the probabilities of the various possible slant visual 
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ranges, ceilings, and surface horizontal visihillties that will he 
encoimtered in an approach at a given terminal. Progress in these dlrec 
tlons will require not only improved measuring techniques and more exten 
sive observational determination of parameters hut also Inproved theory 
(ref. l6), especially in regard to slant range and horizontal visibility 
from moving aircraft xmder nonhomogeneous conditions, with various fore- 
groxinds and backgrounds. It will also be necessary to take account of 
many factors usually neglected, such as effect of type of approach cou- 
pler (manual or autcanatlc) on search time, effect of rain or snow on the 
windshield, effect of glare sources, and cockpit cutoff (ref. I 7 ) - 


SUGGESTIONS FOR RESEARCH AND DEVELOPMENT 


Before an efficient meteorological service for civil turbojet air- 
craft can be put Into effect in the United States on an economic basis, 
some experience for providing the necessary service seems to be called 
for on a small scale. This experience shoiold be gained prior to the 
inauguration of flights on a regular, full schedule, so as to establish 
a foundation on which to consti*uct a secure organization in the future, 
capable of yielding reliable forecasts of the variable parameters gov- 
erning the required elements and of issuing prompt predictions of the 
appropriate ceilings and visibilities. 

To aid in improving the overall problem of forecasting the terminal 
ceiling and visibility (including slant visijal range), the following 
specific tasks are suggested; 

( 1 ) Development and testing of various new or Inproved ceilometers; 
testing effect of varying base line 

( 2 ) Development of slant-transmission measuring methods under low 
visibility and celling conditions, giving consideration to use of high- 
intensity, intermittent "flash” types of ll^t sources for the search- 
light projector 

( 5 ) Development of varioTos new or Improved methods for securing 
permanent records of ceiling and of making automatic calculations of 
■mean cloud-base height and its standard deviation over various time 
Intervals 

(k) Development of methods of making appropriate, automatically 
registered illumination and photometric measurements at the surface for 
the purposes of implementing horizontal- and slant -visibility determina- 
tions by instrumental means 
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( 5 ) Development of* methods for automatic calculation of horizontal 
and slant visual ranges hy suitable combinations of transmission-, 
illumination-, and photometric-measurement data 

(6) Development of methods of improved measiirement sampling in 
regard to the variables which govern horizontal and slant visual ranges, 
especially when conditions are not hcanogeneous 

( 7 ) Development of the most efficient, systematic methods for deter- 
mination of photometric properties of surfaces and lights in approach 
zones, runways, and landing-area environments for calibration pxnposes, 
with a view to use of the data in calculation of horizontal and slant 
visual ranges 


SUGGESTED PROTOTYPE METEOROLOGICAL STATION 


A special model meteorological office and station with associated 
communication facilities might be established in the field for the 
purposes of (a) gaining experience in the provision of ceiling, visi- 
bility, and other forecasts for Jet aircraft and (b) conducting systema- 
tic local forecasting investigations to these ends, on the condition 
that the measuring devices and techniques are developed. Among the 
specific tasks would be: 

( 1 ) Install a "local grid"' groip of outpost or satellite stations 
associated with the key model station, with equipnent to measure the 
necessary parameters and communicate the data autranatically from a dis- 
tance to the key station, the piirpose being to permit determination of 
such argimients as depend upon finite differences between the data for 
adjacent stations (e.g., gradients, vorticlties, etc.) 

( 2 ) Carry out local forecasting investigations and endeavor to 
develop systematic modus operand! having wide applicabilities in this 
field, particularly with a view to utilization of the results to provide 
approach and landing forecasts of celling, visibility, and related 
elements 

( 5 ) Develop methods of taking probabilities into account in eval- 
uating and expressing forecasts} devise objective methods of assessing 
the expected reliability or "goodness of fit" of any given forecast 

(4) Investigate varioiis ways of rendering reports and forecasts of 
approach and landing conditions to aircraft pilots, with a view to pre- 
senting the Information in a manner best calculated to meet the require- 
ments of pilots, traffic -control officials, dispatchers, and others. 
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(5) In conjunction with reports tiy pilots regarding approaches of 
cominercial or special-project flight airciaft, study the effectiveness 
of the system of weather reports and forecasts from the points of view 
of reliability and representativenessj gather and analyze approach- 
success statistics in this connection 
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APPEIOIX D 


IDEALIZED AIRPORT STATION WITH OPTIMUM FACILITIES 


Some of the facilities, equipments, and supplementary observations 
vhlch might be contemplated under an Idealized program designed to pro- 
vide a soxind basis for a system capable of yielding significantly 
improved forecasts are given as follows; 


AIRPORT STATION, REMOTE OUTPOST STATIONS, AND RELEVANT EQUIPMENT 


The stations and relevant equipaent are as follows: 

(1) Buildings and facilities 

(2) Power supply 

(5) Ceiling measurement equipment and recorders 

( 4 ) Cloud-surv^ equipment (for coverage, etc.) 

(5) Temperature and dewpoint measuring equipment J 

( 6 ) Wind and turbulence measuring equipment 

(T) Pog meas\iring equipment 

(a) Fog depth 

(b) Fog density} water content 

(c) Drop-size specti’um analyzer 

( 8 ) Precipitatlon-versus-time measuring equipment 

(9) Transmlssometer (directional. If possible) 

(10) Telephotometer and photometer 

(11) Illumlnometer (wide range) 

(12) Ref lactometer for surface albedo 

(15) Hlgh-lntensity, intermittent li^t projector station 

(l 4 ) Dual-station telephotometer system for slant-range 
determinations 
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(15) Polar- scattering measuring device 

(16) Dust counter and pollution measuring device 

(17) Nuclei counters 

(18) Radar 

(19) Visibility markers and standard visibility lights 

(20) Mlcrobarographs 

(21) Low-level sounding and wind-finding equipment 

(22) Additional observation equipment 

(25) local data recording, memory, and storage systems 
(, 2 k) local data processing devices 

(25) Coding devices 

(26) Maintenance personnel and supplies 

(27) Transportation facilities 

MEASUREMENTS AND OBSERVATIONS 

, . The high-speed measiiraaents and observations are as follows: 

(1) Ceiling height and its variations 

(2) Cloud amount j fog coverage 

(3) Clovid types 

( 4 ) Cloud speed and direction 

(5) General cloud siirvey (squall clouds, thiinderstorms , front 
passage, dust clouds, evidence of trends, differences in various sectors 
etc. ) 

(6) Temperat-ure and dewpoint at two levels 

(7) Wind speed; wind direction; turbulence at two levels; wind 


shifts 
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(8) Fog depth, if known 

(9) Precipitation (kind, intensity, fluctuations, and duration) 

(10) Obstructions to vision (fog, smoke, blowing dust, blowing snow, 
and precipitation) 

(11) Fog density, smoke density, and so forth 

(12) Drop- size spectra of fog 

(15) Transmission of light over horizontal path 

(14) Background luminance 

(15) Horizon luminance 

(16) Albedo of svirfane 

(17) Albedo of .background 

(18) Slant-path transmission as a function of altitiide up to 
50 to 100 or more meters 

(19) Polar-scattering measurenents of aerosol 

(20) Atmospheric-pollution concentration 

(21) ^groscopic-nuclel counts 

(22) Freezing- nuclei counts 

(25) Radar surveys 

(24) End-of- runway observations of runway visual range 

(25) Microbarograph observation^ 

(26) Radiation from soirface 

(27) Additional siirface measurements 

(28) Low-level soundings and wind finding (hourly, if necessary, 
during critical periods) 

(29) High-level soundings and wind finding at 6 -hour intervals 
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( 30 ) Pilots ' reports 

(31) Severe-storm and special observation network reports 

TELBCCWMCJNICATIOIJS SYSTIMS 


The teleccHnm-uni cations systems are as follows; 

(1) Data collecting systsus from local satellite network 

(2) Data collecting systems from surrounding sp^ial wamine 

network ^ 

(5) Data collecting systems frcm possible alternate tennliials 
( 14 - ) Data collecting systems from general synoptic upper air 

(5) Memory systems; data recorders 

( 6 ) Voice comiiruni cations channels 

(7) Data transcribing devices 

:t, £LCet.^;et^ 
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